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ABSTRACT

Table mountainpine (PinespungensLamb.) communitiesof thesouthernAppalachianMountains
havebeenmaintainedhistoricallyby lightning- andhuman-causedfires. Characteristicstandshaveatable
mountainpineoverstory,achestnutoak(Quercusprinus L.), scarletoak(Q. coccineaMuenchh.)andblack-
gum (NyssasylvaticaMarshall)understory,and amountain laurel (Kalmia latifolia L.) shrublayer. Fol-
lowing morethansixty yearsof fire suppression,moststandshaveincreaseddensitiesof oaksandmoun-
tain laurelaswell asfire-intolerantspeciessuchasred maple(Acerrubrum L.) and white pine (P. strobus
L.). Previousresearchsuggeststhat restorationof thesecommunitiescan only be accomplishedwith high
intensity fires thatopenthe forest canopyandexposemineral soil. Opportunitiesto conductsuchburns,
however,arelimitedundercurrentprescribedburningguidelines.Tworecentstudiesexaminedcommunity
responseto prescribedburning.Firesof low andmedium-lowintensitygaveriseto abundantregeneration
but maynot havekilled enoughof theoverstoryto preventshading.High-intensityfireskilled almostall
overstorytreesbut may havedestroyedsomeof the seed.Fires of medium-highintensitymayhavebeen
most successful;they killed overstorytreesandallowed abundantregeneration.Largenumbersof these
seedlingssurvivedthefirst growingseasonastheir rootspenetratedduff to reachmineralsoil. Hardwood
rootstocksresproutedafterall fire intensitiesandmayout-competepineseedlingsfor availableresources.
Fires oflower intensitythanpreviouslyrecommendedmaybest-provideconditionsfor tablemountainpine
regenerationbut additionalresearchis needed.Prescriptionscalling for lower intensity fires may widen
theburningwindow definedby currentguidelines.

INTRODUCTION

Table mountainpine (Pinespungens),an Appalachianendemic,historically was main-
tainedby lightning- andhuman-ignitedfires. Standsof tablemountainpine presenton the
landscapetodaywere establishedby the loggingfires of the earlytwentiethcentury,themost
recent landscape-scale,stand-replacingfires to occurin theregion(Williams 1998).Sincethat
time, sevento eight decadesof fire preventionpolicies andsuppressionhaveallowedthe ma-
jority of tablemountainpine standsto succeedtowardshardwooddominanceandclosedUn-
derstories(Williams and Johnson1990, 1992; Sutherlandet al. 1995; Turrill 1998;Williams
1998).As a resultof thesechangesin dominanceandstructure,tablemountainpinewoodlands
are recognizedby theSouthernAppalachianAssessmentasoneof thirty-onerarecommunities
in the southernAppalachianMountains[Southern AppalachianMan andthe Biosphere(SA-
MAB) 1996].

Themajorityof degradedtablemountainpine standsare locatedon NationalForestand
NationalParklands where prescribedburning is possibleandencouraged[United StatesDe-
partmentof the Interior (USD1) andUnited StatesDepartmentof Agriculture (USDA) 1995].
Previousstudiesof tablemountainpineregenerationfollowingwildfires suggestthatprescribed
firesneedto be of high intensity to removethe forestcanopyandexposemineralsoil for suc-
cessfulregeneration(USDA 1965, Zobel 1969, Sanders1992).AlthoughmanyNationalForests
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andNationalParksincludehigh intensityprescribedfiresin their managementplansfor table
mountainpine,executingtheseburnsis difficult (Turrill 1998).Prescriptionscalling for high
intensityfires narrowthewindow of opportunityfor burningandraisequestionsaboutworker
safety and smoke management.In addition, some federal land managersavoid usinghigh
intensity fires becauseof the perceivedrisk of damagingmarketablehardwoodsandthe lack
of ability to controlsuchfires on steepslopes(Van Learand Waldrop1989).As a result,high
intensity prescribedburning has had limited applicationin the southernAppalachianMoun-
tains.

Williams (1998)statesthat tablemountainpine standsare in declineasa result of fire
suppressionpolicies andinadequateunderstandingof thespeciesregenerationbiology. To date,
only two studies,Turrill (1998)andWaldropandBrose(1999),haveconductedprescribedburns
to better understandthe conditionsnecessaryfor table mountainpine regeneration.These
studiesexaminecommunityresponseto varying degreesof fire intensityaswell as seedling
establishmentundervaryinglevelsof shadeandduffdepth.Thispaperevaluatestheaccepted
regenerationconditionsof fully opencanopyandexposedmineralsoil basedon the resultsof
thosestudies.The objectivesof this studyare to synthesizecurrentknowledge,analyzegaps
in thecurrentdata, andformulateresearchneedsfor the future.

BACKGROUND

Tablemountainpine hasserotinousconesandis shadeintolerant.Pure andmixed table
mountain-pitchpine (Pinesrigida Miller) standsare locatedbetween305—1220m elevationon
southwest-facingslopesfrom centralPennsylvaniato northernGeorgia(Zobel 1969,Della-Bian-
ca 1990, MacKenzie and White 1998, Newell andPeet 1998). Characteristicstandshavea
chestnutoak (Quercusprinus), scarletoak (Q. coccinea),and blackgum (Nyssasylvatica)un-
derstoryanda mountainlaurel (Kalmia latifolia) shrublayer. Galax(Galax spp.),blueberries
(Vacciniumspp.),andhuckleberries(Gaylusaciaspp.)arecommonin theherblayer(Zobel 1969,
Williams 1998,NewellandPeet1998).

Restorationandmaintenanceof table mountainpine habitat is importantsince many
animalandplant speciesarerestrictedto pioneerandmid-seralpine-oakforestsof thesouthern
AppalachianMountains.Jeopardizedwildlife limited to this habitatmay include thenorthern
pine snake(Pituophis melanoleucusmelanoleeces)and the slenderglass lizard (Ophisaurus
attenuateus)(K. Langdon,pers.comm. 1997).Imperiledplantsrestrictedto xericpineandpine!
oak forestsinclude round-leavedserviceberry (AmelanchiersanquineaPursh),branchedwhit-
low grass(Draba ramosissimaDesv.)andwitch-alder [Fothergilla major (Sims)Lodd.] (Hessl
andSpakman1996). HesslandSpakman(1996)also suggestthat Heller’s blazingstar(Liatris
helleri Porter), Peter’s Mountain mallow (Iliamna corei Greene),and running buffalo clover
(Trifolium re/lexum L.) are limited to xeric montanewoods.

Historically,standsof tablemountainpineweremaintainedprimarilyby culturalburing
(Buckner1989,Van LearandWaldrop 1989,DelcourtandDelcourt1997,BucknerandTurrill
1998, Williams 1998). Lightning-ignitedfires in the southernAppalachianregion were,and
remain, infrequent and restrictedin location (ridge-topareas)andsize (40 hectaresor less)
(SAMAB 1996). Culturaluseof fire shapedthelandscapeuntil theearly1900s.Sincethattime,
fire preventionand suppressionpracticeshave greatlyreducedthe frequencyof fire in the
southernAppalachianMountains(Harmon 1982).As aresult,tablemountainpine standsare
enteringlater seralstageswhere short-lived, shade-intolerantpines are replacedby longer-
lived, shade-toleranthardwoodsincludingoaks(particularlychestnutoak)andhickories(Carya
spp.)(Zobel 1969;Williams andJohnson1990, 1992;Sutherlandet al. 1995;Turrill et al. 1997;
Turrill 1998).

The majority of the researchaddressingtherole of fire in table mountainpinestandsis
limitedto post-wildfire studiesandoftenis contradictory.Zobel’s(1969)inunograpkemphasized
the needfor intensefires in table mountainpine stands.Zobel (1969) found that seedlings
survivedonly wherefires killed enoughoverstorytreesto allow direct sunlight on the forest
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floor anderosionexposedmineral soil. Likewise, Sanders(1992)observedthegreatestpropor-
tion of tablemountainpine seedlingsin high andmoderateintensityburn areas,wherethe
forestcanopywasopenandmineral soil wasexposed.

In contrast, Barden(1977, 1978) indicatedthat fire may notbe necessaryto maintain
populationsof table mountainpine. He found that historical fires helpedto establishmany
standson xeric sites,but that thesestandsregeneratewithout fire andbecomeunevenaged
throughgap-phasereplacement.Similarly, Williams andJohnson(1992)foundthatseedswere
abundanton the groundin lightly disturbedstandswhereno fire occurred.However,seedlings
were successfulonly on micrositesthathadthin litter layers(<4 cm) andweremoreopenthan
the surroundingstand.Suchmicrositeswerecreatedmostoftenby icestorms(Williams 1998).

Canopygapscreatedby ice stormsor otherdisturbancesmaynotbesufficientto maintain
tablemountainpine.As the hardwoodcomponentof table mountainpine standsincreasesin
the absenceof fire, hardwoodlitter coveringthe forestfloor increases.Hardwoodlitter creates
barriersto pine seedlingestablishment(Williams et al. 1990).Many standswith a significant
componentof tablemountainpine also havethick litter andduff (theOe and0, horizonsfound
below freshly fallen leaflitter andabovethe mineral soil) layers. Becausefire is infrequent
andbecausedecompositionratesare slow, the litter andduff canreachdepthsof 15 to 20 cm
on southernAppalachiansites(RobichaudandWaldrop1994).Wherethis is the case,thelitter
andduff may preventthe roots of pine seedlingsfrom reachingmineralsoil.

CURRENTRESEARCHON PRESCRIBEDBURNING

Availability of Daysfor PrescribedBurning in theSouthernAppalwhianMountains

High-intensityprescribedburning hashad limited applicationin the southernAppala-
chianMountainsdueto the narrowburningwindow createdby safetyrestrictions(USDAFor-
estService1989)andconcernsof controllingfireson steepslopes(VanLear andWaldrop1989).
Turrill (1998) estimatedthe numberof daysthat was suitable for prescribedburning during
Spring 1995 and 1996 for eachof threesiteswhere four high intensityburns to regenerate
tablemountainpinewereplanned.Oneburnwasplannedon boththe GeorgeWashingtonand
JeffersonNationalForest(Wythe RangerDistrict), Virginia, andthe ChattahoocheeNational
Forest(TallulahRangerDistrict), Georgia,andtwo burnswereplannedon thePisgahNational
Forest (GrandfatherRangerDistrict), North Carolina.Only one of thesefour burnswascom-
pletedwithin the two yeartime period.

Daily fine fuel moisture,maximumdaily temperature,minimumdaily temperature,and
minimumdaily relativehumidity datawereobtainedfrom theNationalInteragencyFire Man-
agementIntegratedDataBase,FireWeatherObservationfiles for eachsite. Thedatacollected
betweenMarch 1 to May 31, 1995 andMarch 1 to May 31, 1996 were reviewedto seehow
many days met all of the following criteria: fine fuel moisturegreaterthan or equal to 10
percentbut lessthan or equalto 20 percent,maximum daily temperaturesgreaterthan or
equalto 15.60C[an air temperatureat which internaltreetissueslikely would reachor exceed
lethal temperatures(630C) during the fire (USDA ForestService1989)], minimum daily tem-
peraturegreaterthan or equalto 00C, andminimumdaily relativehumidity greaterthan or
equalto 30 percentbut lessthan or equalto 55 percent.

The numberof days permonth for which all datawere availablevariedbetweensites
(Table 1). Fine fuel moisturedatawere not availablefor PisgahNationalForest.The number
of dayspermonthmeetingthefourburningconditionson eachsiteranged-from-one-tofourteen.
In both1995 and1996,thetotal numberof burning daysper threemonthperiodwas highest
on thePisgahNationalForest.Burning daysweremostnumerousduring the monthof May
in bothyears.

Daysmeetingthis subsetof prescribedburning parameterswere limited. If all of the
requiredvariables outlined by USDA Forest Service(1989) were considered,the numberof
dayssuitablefor prescribedburning in 1995 and1996 would be less.More importantly, these
dataweresummarizedafter the fact. Predictinggooddays for burningis difficult. Regardless,
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Table 1. Number of days meetingprescribedburning parametersfor Spring 1995 and1996.
Valuesin parenthesesarethe numberof dayswith completedatafor the month

NationalForest State

Month

March April May

1995

GeorgeWashingtonand Jefferson
Pisgah
Chattahoochee

VA
NC
GA

2 (31)
2 (31)
0 (31)

6 (30)
7 (30)
1 (30)

5 (15)
10 (14)
7 (31)

1996

GeorgeWashingtonandJefferson
Pisgah
Chattahoochee

VA
NC
GA

1 (31)
2 (25)
1 (31)

3 (30)
6 (30)
3 (30)

3 (15)
14 (29)
8 (30)

executinghigh-intensityburnsin tablemountainpine standsis difficult undercurrentburning
gnidelines.

Effectsof Fire Intensityon TableMountainPine Regeneration

Two studieshaveexaminedtheresponseof tablemountainpine standsto prescribedfire,
Turrill (1998)andWaldropandBrose (1999).The burnsconductedfor thesestudiesvariedin
their effectson openingthe forestcanopyandremovinglitter andduff. Comparisonsof these
field studiesallow evaluationof the amountof pine regenerationundernaturalconditions.

The prescribedburn observedby Waldrop and Brose(1999) was on the War Woman
Wildlife ManagementArea of theTallulahRangerDistrict of theChattahoocheeNationalFor-
est. Prior to burning, meantotal basal areain the studystandswas 30.3 m

2/ha. Hardwoods

madeup 21.3 m2 of this total andpinesthe remaining8.9 in2. Chestnutoak wasthe predom-
inant hardwoodandalmost all of the pines weretable mountainpine.USDA ForestService
personnelconducteda stand-replacementprescribedfire on a 350-haunit in April 1997. The
burn areacoveredsharpridgetopsandsteepslopeswith northeasternor southwesternaspects.
The fire was ignited by hand and by helicopter to createa ring fire that reachedgreatest
intensitywithin ridgetoptablemountainpine stands.The resultingfire waslargeenoughand
fire intensityvariedenoughto allow comparisonsof regenerationsuccessbetweenareasburned
at differentintensities.

Turrill (1998) observeda 3-haprescribedfire on the GrandfatherRangerDistrict of the
PisgahNationalForest.Prior to burning,the meantotal basalareaof thestandwas32.3 in2!

ha. Hardwoodscomprised8.7 m2/haof this total andpinestheremaining23.6m2/ha.Blackgnm
wasthepredominanthardwood.The pine componentof this standwas 51 percenttablemoun-
tain pine, 39 percent pitch pine and 10 percentVirginia pine (P virginiana Miller). USDA
Forest Servicecrewsuseda combinedring andheadfire techniqueto burn thestandin May
1996. Standsburnedfor both Waldrop andBrose (1999) and Turrill (1998)containeddense
mountainlaurel shrublayers. Waldropand Brose(1999) and Turrill (1998) completedpost-
burn observationsin the first growing seasonafterburning.

The prescriptionsappliedin thesestudiesproducedfour fire intensitiesdefinedby Wald-
rop and Brose (1999): low, medium-low, medium-high,and high. Waldrop andBrose (1999)
observedall four fire intensities and Turrill (1998) observeda medium-low intensity fire.
Flamesof low intensity fires neverreachedinto the crownsof treesanduniformly burnedthe
area. Medium-low intensity fires had flames slightly taller than thoseof low intensity fire,
burnedlessuniformly, andproducedhotspotsthat killed largetrees.Flamesof medium-high
intensity fires typically reachedinto the crownsof overstorytrees. Flamesof high intensity
firesreached,andoftenexceeded,thecrownof overstorytreesandcarriedfrom crowntocrown.

Canopycoverwasreducedfollowing high andmedium-highintensityfires(Table 2). Only
1.0 m2 perhectareof basalarearemainedafterhigh intensityburning.Medium-highintensity
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Table2. Characteristicsof tablemountain pinestandsfollowing prescribedburning

Variable

Fire Intensity

SourceLow

Medium-

Low

Medium-

High High
Pinebasalarea(m2lha)

Hardwoodbasalarea(in2!
ha)

Hardwoodsprouts(#stems/
ha)

Pineseedlings(#Iha)

Insolation Category(% of
forest floor receivingdi
rect sunlight)

5.9

16.8

32,150

13,852

30—60

6.0
21.6

5.1
4.3

37,371
2,295

22,551
7,700

30—60

1.1

0.5

26,590

9,015

61—100

0.0

1.0

31,537

3,448

61—100

WaidropandBrose(1999)
Turrill (1998)
Waldrop andBrose(1999)
Turrill (1998)
Waldrop andBrose(1999)
Turrill (1998)
Waldrop andBrose(1999)
Turrill (1998)

fires showedsimilar reductionsin basalareawith only 1.6 in2 perhectareremainingafter
burning. Mortality washigh in all diameterbreastheight (dbh) sizeclassesfollowingbothhigh
and medium-highintensity fires. Direct sunlight reachingtheforestfloor was at levels up to
100 percentwhich may havebeenadequatefor seedlingsurvival followingfires of bothinten-
sities.

Medium-low andlow intensity fires were ineffective at reducingcanopycover (Table2).
Medium-low intensity fires reducedbasalareato 11.1 in2 perhectarein Waldrop andBrose
(1999)andto 25.9 in2 perhectarein Turrill (1998).Low intensityfireshadlittle effecton canopy
basal areaand 23.0 in2 per hectareremained.Mortality was greatestin the lower dbh size
classes(lessthan 15 cm dbh) following fires of medium-lowandlow-intensity. Thesefiresmay
not havekilled enoughoverstorytreesto allow adequatelight for pine seedlings.Insolation
was significantly lower in areasburnedat low andmedium-lowintensitythan in areasburned
at medium-highandhigh intensity.

Prolific hardwoodsproutingwas observedfollowing fires of all intensities(Table 2).The
mountainlaurel shrublayerwastop-killed by the low intensityfire observedby Waldropand
Brose (1999) and the medium-low intensity fire observedby Turrill (1998). The shrublayer
was removedby medium-low, medium-high,and high intensity prescribedfires observedby
WaldropandBrose(1999).

Post-burncountsof pine seedlingssuggestthat fires wereof sufficientintensityto open
serotinousconesthroughoutthe burn unit including areasburnedat low intensity. Post-burn
pine densityrangedfrom 3,448 stemsperha to morethan 22,000stemsperha (Table 2). An
unexpectedresult was that the lowest pine densitieswere in plotsburnedat the highestin-
tensitylevels.This patternsuggeststhat coneswere consumedby fire or seedswerekilled by
intenseheatwhereflamesreachedinto the crownsof the trees.

Eventhoughplots burnedat high intensityhad fewer seedlingsthan other plots, the
3,448seedlingsperha presentshouldcreatepine-dominatedstandswhereseedlingsarewell
dispersed.However,pine seedlingswere found at only 51 percentof the samplingpoints.This
indicatesthat portionsof the burnedareashadno pine regenerationandmay be dominated
by hardwoods.Plots burnedat the medium-highintensity level alsohad low pine stocking(64
percent). Stockinglevels for plots burned at low (77 percent)and medium-low (94 percent)
intensities shouldbe adequateto developinto pine-dominatedstandsif the seedlingsreceive
adequatesunlight.

Competition from hardwoodsand shrubsthat sproutedafter the fire may inhibit the
developmentof a pine-dominatedstand.There were no significant differencesin the number
of sproutsperha by fire intensitycategoryfor any speciesor for thetotal. This suggeststhat
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mosthardwoodrootstockssurvived evenhigh-intensityfires andresprouted.Thetotal number
of sproutsperha washigh in all intensity levels,rangingfrom 26,590to 37,371.

Pineseedlingsregeneratedon thick litter and duff following all fire intensities.The total
depthof litter and duff remainingafter the prescribedfires was5.3, 3.8, 7.6, and6.6 cm for
thelow, medium-low,medium-high,andhighintensityfires, respectively,ofWaldropandBrose
(1999). The percentageof those seedlingswith roots penetratinginto mineral soil was 71.1,
94.6, 63.0, and56.1 for the sameorder of fire intensities(Waldrop andBrose 1999). Turrill
(1998)observedpineregenerationon approximately9.2 cm of combinedlitter andduff. Waldrop
andBrose(1999)found that root systemsof over80 percentof the sampledseedlingswereable
to penetrateduff of up to 7.5 cm thick, indicating that duff removalmay not beascritical as
oncethought. However,survival of theseseedlingswasnot followedbeyondthe first growing
seasonafter theburn in eitherstudy.

In order to assessseedlingestablishment,Waidropet al. (1999)conductedagreenhouse
studythatusedsimilar shadeandduff treatmentcombinationsasobservedin thefield. Duff
categoriesincludeddepthsof 0, 5, and10 cm andshadelevelsincluded0, 30, 63,and85 percent
shade.Table mountain pine seedswere collectedon the ChattahoocheeNational Forest.Soil
andduffwerecollectedfrom a recentlyburnedtablemountainpine standon the SumterNa-
tional Forest, SouthCarolina.The seedswere germinatedandallowed to grow under these
conditionsfor threemonths.Germination,mortality, andseedlingheight werecomparedbe-
tweenseedlingsgrown in the greenhouseandthoseobservedby Waldrop andBrose(1999) in
thefield.

Stemdensitieswerehighestwheremoderatelevelsof shade(30 percentin thegreenhouse
and30 to 60 percentshadein the field) were combinedwith a duff layerno morethan 7.5 cm.
Also, seedlinggrowth wasreducedwheretherewasno duff. Moderatelevelsof shadeandduff
may help to preventmoisturestressin youngseedlings.However, duff over 7.5 cm thick and
shadelevels over 60 percentappearedto reduceseedlingsurvival.

CONCLUSIONS

Results of Turrill (1998), Waldrop andBrose (1999) andWaldrop et al. (1999)suggest
that fires of lower intensity than crown fires may successfullyregeneratetable mountainpine
in this study area.Insolation levelsto theforestfloor wereincreasedby medium-highandhigh-
intensityfires becauseof high mortality of treesandshrubs.Low andmedium-low intensity
fires probablydid not kill enoughof the overstorytreesto ensureseedlingsurvival. In medium-
high intensity plots, flames reachedinto the canopiesof overstorytreesbut probablydid not
carryfrom crownto crown. In plotsburnedat this intensity level, overstorymortality wasnear
100%,insolationto the forestfloor wasabundant,andseedlingdensitywasadequateforstand
regeneration.

Theseresultscontradictthe suggestionsof Zobel(1969)andSanders(1992)andincrease
the numberof daysavailablefor prescribedburning.Zobel (1969)andSanders(1992)empha-
sizedthat table mountain pine seedlingsgerminateandsurvivein areaswherethe-forest-can-
opy wasopenedandmineralsoil wasexposedfollowing highandmoderateintensityfires.High
intensityfiresaredifficult to conductundercurrentburningguidelines.Medium-highintensity
prescribedfires, demonstratedto be successfulat regeneratingstandsby Turrill (1998) and
Waldrop andBrose (1999), are less dangerousand canbe achievedwithin a largerburning
window than high intensity fires.

Competitionandshadingfrom hardwoodsandshrubsthat sproutedafterburning may
inhibit the developmentof apine-dominatedstand.Rootstockssurvivedall fire intensitiesand
resprouted.Post-firesproutingoccurredmorefrequently in hardwoodtreespecies(red maple,
chestnutoak, and scarlet oak) than in shrub species(mountainlaurel). McGee et al. (1995)
demonstratedthat suchpost-burnincreasesin understoryandshrubdensitiesmay persistfor
morethan twelve years.However,Waldrop (1997)indicatedthat post-burnhardwoodcompe-
tition was not sufficient to inhibit pinesurvival on xeric andsubxericsites.Fires that expose
theregenerativebasalbudsof hardwoodsandshrubsto lethal temperaturesmaybe necessary
to reducepost-burnsprouting(Armouret al. 1984,KauffmanandMartin 1990).
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Total consumptionof the forestfloor maynot berequiredfor tablemountainpineregen-
eration. Post-burnduff depth did not differ with fire intensity. Large numbersof seedlings
survivedthefirst growing seasonon duff thatwasnearlytwice asthick asthe 4 cm maximum
suggestedby Williams and Johnson(1992). The studiesdescribedhere will be continuedto
observepost-burncanopycover, seedlingdensity, seedlingrootingdepth,andseedlingsurvival
over severalgrowing seasons.

There is still much to learn about restoringtable mountainpine stands.The results
presentedhere suggestthat medium-highintensity fires may be sufficient. However, these
resultswere drawn from only two studiesandfrom datafrom only onegrowingseasonafter
burning. More researchis necessarybefore definitive fire plans can be developedfor table
mountainpine. Future studiesshould apply prescriptionsto achievemedium-highintensity
burnsandobservepost-burncanopycover,seedlingdensity,seedlingrootingdepth,andseed-
ling survival over severalgrowingseasons.Additional researchalso is neededto test fires in
other seasonsandmultiple low-intensity burns.

Many questionsremainaboutthe ecologyof tablemountainpine. In particular, the com-
petitive ability of this speciesis unknown.If it is ableto overtophardwoodandshrubsprouts
at an early age, intensefires may not be necessary.Furthermore,work is neededon seed
biology. Information aboutthe relationshipof seedviability to tree ageand the ageof cones
within a tree would help identify standsthathavethe highestpriority for regeneration.Phys-
ical, chemical,andbiological propertiesof soils in tablemountainpine standsalso are likely
to be affectedby regenerationburns.Thesepropertiesmay affect seedbedconditionsbut they
havenot beenstudied. Finally, natural disturbances,other than fire, may have playedan
historical role in perpetuatingthe species.This information could suggestmanagementalter-
nativesto fire that could be usedfor regeneration.
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